INTRODUCTION {#sec1-1}
============

Climate change is significant and an emerging threat to public health.\[[@ref1]\] Such an impact would translate into two major illnesses: diarrhea and malaria that are highly sensitive to changing temperatures and precipitations which cause two million diarrheal deaths annually, mostly in young children\[[@ref2]\] and more than a million childhood deaths annually by malaria.\[[@ref3]\] In India an estimated 0.6--0.7 million children under five die from diarrhea every year.\[[@ref4]\] A household survey conducted in India in 1994 showed that the morbidity rate in terms of diarrhea episodes per child per year in the under five population is about 1.7.\[[@ref5]\] Another study carried out in four slum areas of Delhi in 1984 showed that out of 3645 children surveyed 26.4% suffered from one or more new episodes of diarrhea in the 2 weeks preceding the survey.\[[@ref6]\] In the case of malaria, The World Bank estimates that about 577,000 disability-adjusted life years were lost due to malaria in India in 1998.\[[@ref7]\] In order to reduce the negative health impacts of climate change, various programs or measures, known in the climate literature as adaptation measures, are being put in place or are being planned.\[[@ref8]\] However, limited work has been done to estimate the costs of adapting to these additional health burdens in India.

This study provides an initial estimate of the cost of intervention to cope with the health impacts of climate change in 2030 on diarrhea and malaria for India. There have not been many studies in this direction, and hence this study tries to fill the gap. The estimates are for the costs of climate change only and do not take into consideration population growth and socio-economic development which are assumed to be constant.

MATERIALS AND METHODS {#sec1-2}
=====================

In estimating the adaptation needs for the health sector related to the above three diseases, the primary data sources are:

Data from "Monthly Health Condition Reports from Directorate of Health Services of States/UTs" for Diarrhea and Malaria and from "National Family Health Survey" for Malnutrition.The World Health Organization (WHO) Global Burden Diseases (GBD) study for South East Asian Region-D (SEAR-D) that projected the relative risks associated with climate change in 2030 for a range of climate-sensitive health determinants and outcomes.\[[@ref9]\]Data on the cost of interventions for diarrheal disease and malaria taken from "Report of the National Commission on Macroeconomics and Health -- 2005".

The approach used is to (1) assume that the current annual number of cases of diarrheal diseases and malaria would remain constant in 2030; (2) multiply the number of current cases by the relative risks for climate change estimated by the GBD study (under three different emission scenarios, as described in [Appendix 1](#App1){ref-type="fig"}) to estimate the number of additional cases of these diseases that could be attributed to climate change in 2030; and (3) multiply the number of additional cases by the current costs of treatment per case to estimate the additional costs of treating climate change-related cases of diarrheal diseases and malaria.

![A WHO STUDY OF GLOBAL BURDEN DISEASES](IJOEM-15-64-g001){#App1}

As India constitutes 60% of the Asian population, we do not presume there will be any significant departure of the risk factors related to climate change, from that of the Sear-D region as estimated by WHO in its GBD study.\[[@ref9]\] Therefore, it is assumed that projections of the relative risks of diarrhea and malaria will be the same for India also and hence the same is taken for this study \[[Table 1](#T1){ref-type="table"}\].

###### 

Annual incidence of diarrhea diseases and malaria in India, 2006
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RESULTS {#sec1-3}
=======

The Mitigation scenario results in fewer cases and lower investment needs than the BAU scenario \[[Table 2](#T2){ref-type="table"}\]. The total costs for these two diseases in 2030 under S550 are estimated to be between Rs. 3104 lakhs and Rs. 6752 lakhs; the total costs under S750 are between Rs. 3648 lakhs and Rs. 7787 lakhs; and the total costs under UE are between Rs. 4684 lakhs and Rs. 11,688 lakhs \[[Table 3](#T3){ref-type="table"}\]. For the middle scenario, the annual needs are about Rs. 1036 lakhs per year, lower from Rs. 4684 lakhs down to Rs. 3648 lakhs. Should the high scenario occur, the annual investment needs are about Rs. 3901 lakhs lower from the BAU scenario to the Mitigation scenario.

###### 

Projected excess incident cases of diarrheal diseases and malaria for alternative climate scenarios relative to baseline climate
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###### 

Projected excess costs (Rs. in lakhs) in 2030 to manage climate change-related cases of diarrheal diseases and malaria for three alternative climate scenarios relative to baseline climate (mid and high estimates)
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The estimated percentage climate change impact in 2030 at 750 ppm is higher for diarrhea than in the case of malaria \[[Table 4](#T4){ref-type="table"}\]. Assuming the total cost per case remains unchanged, the total investment needs for combating diarrheal disease would be around Rs. 55,354 lakhs and malaria would be around Rs. 2704 lakhs in 2030.

###### 

Comparison of current diarrheal diseases and malaria cases with estimated climate change impacts in 2030 assuming the 750 ppm of CO~2~ scenario
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Secondhand smoke is a preventable public health hazard.\[[@ref6]\] Policies requiring smoke-free environments are the most effective method of reducing SHS exposure.\[[@ref7]\] In India, prohibition of smoking in public places is mandated under section 4 of the Cigarettes and Other Tobacco Products Act (which includes prohibition of advertisement and regulation of trade and commerce, production, supply and distribution) of 2003.\[[@ref8]\] As defined

DISCUSSIONS AND CONCLUSIONS {#sec1-4}
===========================

The study provides an initial estimate of the cost of intervention to cope with the health impacts of climate change in 2030 on diarrhea and malaria for India. This adds to the existing literature, which to date mainly included the impact of climate change. Besides it also suggests the urgent need for enhancement of investment now in the health sector by the public authorities which is already inadequate, so as to address the climate sensitive health outcomes at reduced cost in future ([Appendix 2](#App2){ref-type="fig"}). Any further increase in the number of cases of diarrhea and malaria due to climate change as projected in this study may cripple the already inadequate public health infrastructure in the country. Hence, there is an urgent need to respond to the situation by resorting to adaptation and mitigation measures for which there is a requirement of alteration of financial and policy arrangements of the government in an era when the need to address other diseases such as HIV/AIDS, tuberculosis, and other diseases is equally important as that of climate-sensitive diseases.
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The study at the same time is having certain limitations. Firstly among myriad of other health outcomes we have taken only two of the health outcomes of concern with climate change because of the problem encountered from limited and quantifiable data. Further because of the uncertainties in the estimated costs, on account of limited data due to inadequate studies in the Indian context, they should be taken only as indicators of the size of the financial needs and not as accurate predictions. The estimates are likely to include both under- and over-estimates of the actual costs. Emerging technologies, along with significant investments in research and development, are likely to reduce current health burdens over the next 30 years. In addition the analysis makes a number of necessary, but unlikely assumptions, including that the number of annual cases of diarrheal disease and malaria and the cost of treatment would remain constant.

Additional research could reduce some of the uncertainties in the analysis. Additional research also is needed to better project how population growth, socioeconomic development, and other factors would likely influence future rates of climate-sensitive health determinants and outcomes.

With all its limitations, the study tries to fill the lacuna in the above area. It proves that adaptation and mitigation can reduce sensitivity to climate change. The case for making public expenditures is strong on economic and moral grounds because the costs without interventions are much higher if we consider the relative risks of these diseases due to climate change. Further, the study recommends that appropriate modifications should be made in the current programs to better address these health outcomes due to climate change to increase future adaptive capacity and to reduce the cost of such interventions in future.
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